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INVASIVE CLEAVAGE OF NUCLEIC ACIDS 

This is a Continuation-In-Part of co-pending application Serial No. 08/682,853, 
filed July 12, 1996, which is a Continuation-In-Part of co-pending application Serial 
No. 08/599,491, filed on January 24, 1996. 

5 FIELD OF THE INVENTION 

The present invention relates to means for the detection and characterization of 
nucleic acid sequences and variations in nucleic acid sequences. The present invention 
1 relates to methods for forming a nucleic acid cleavage structure on a target sequence 

i and cleaving the nucleic acid cleavage structure in a site-specific manner. The 5' 

ftO nuclease activity of a variety of enzymes is used to cleave the target-dependent 

cleavage structure, thereby indicating the presence of specific nucleic acid sequences or 
specific variations thereof. The present invention further provides novel methods and 
devices for the separation of nucleic acid molecules based by charge. 


BACKGROUND OF THE INVENTION 

^15 The detection and characterization of specific nucleic acid sequences and 

sequence variations has been utilized to detect the presence of viral or bacterial nucleic 
acid sequences indicative of an infection, the presence of variants or alleles of 
mammalian genes associated with disease and cancers and the identification of the 
source of nucleic acids found in forensic samples, as well as in paternity 

20 determinations. 

Various methods are known to the art which may be used to detect and 
characterize specific nucleic acid sequences and sequence variants. Nonetheless, as 
nucleic acid sequence data of the human genome, as well as the genomes of 
pathogenic organisms accumulates, the demand for fast, reliable, cost-effective and 

25 user-friendly tests for the detection of specific nucleic acid sequences continues to 

grow. Importantly, these tests must be able to create a detectable signal from samples 
which contain very few copies of the sequence of interest. The following discussion 
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examines two levels of nucleic acid detection assays currently in use: I. Signal 
Amplification Technology for detection of rare sequences; and II. Direct Detection 
Technology for detection of higher copy number sequences. 

I. Signal Amplification Technology Methods For Amplification 

The "Polymerase Chain Reaction" (PCR) comprises the first generation of 
methods for nucleic acid amplification. However, several other methods have been 
developed that employ the same basis of specificity, but create signal by different 
amplification mechanisms. These methods include the "Ligase Chain Reaction" 
(LCR), "Self-Sustained Synthetic Reaction" (3SR/NASBA), and "Qp-Replicase" (Qp). 

Polymerase Chain Reaction (PCR) 

The polymerase chain reaction (PCR), as described in U.S. Patent 
Nos. 4,683,195 and 4,683,202 to Mullis and Mullis et al (the disclosures of which are 
hereby incorporated by reference), describe a method for increasing the concentration 
of a segment of target sequence in a mixture of genomic DNA without cloning or 
purification. This technology provides one approach to the problems of low target 
sequence concentration. PCR can be used to directly increase the concentration of the 
target to an easily detectable level. This process for amph'fying the target sequence 
involves introducing a molar excess of two oligonucleotide primers which are 
complementary to their respective strands of the double-stranded target sequence to the 
DNA mixture containing the desired target sequence. The mixture is denatured and 
then allowed to hybridize. Following hybridization, the primers are extended with 
polymerase so as to form complementary strands. The steps of denaturation, 
hybridization, and polymerase extension can be repeated as often as needed, in order to 
obtain relatively high concentrations of a segment of the desired target sequence. 

The length of the segment of the desired target sequence is determined by the 
relative positions of the primers with respect to each other, and, therefore, this length 
is a controllable parameter. Because the desired segments of the target sequence 


become the dominant sequences (in terms of concentration) in the mixture, they are 
said to be "PCR-amplified." 

Ligase Chain Reaction (LCR or LAR) 

The ligase chain reaction (LCR; sometimes referred to as "Ligase Amplification 
Reaction" (LAR) described by Barany, Proc. Natl. Acad. Sci., 88:189 (1991); Barany, 
PCR Methods and Applic, 1:5 (1991); and Wu and Wallace, Genomics 4:560 (1989) 
has developed into a well-recognized alternative method for amplifying nucleic acids. 
In LCR, four oligonucleotides, two adjacent oligonucleotides which uniquely hybridize 
to one strand of target DNA, and a complementary set of adjacent oligonucleotides, 
which hybridize to the opposite strand are mixed and DNA ligase is added to the 
mixture. Provided that there is complete complementarity at the junction, ligase will 
covalently link each set of hybridized molecules. Importantly, in LCR, two probes are 
ligated together only when they base-pair with sequences in the target sample, without 
gaps or mismatches. Repeated cycles of denaturation, hybridization and ligation 
amplify a short segment of DNA. LCR has also been used in combination with PCR 
to achieve enhanced detection of single-base changes. Segev, PCT Public. 
No. W09001069 Al (1990). However, because the four oligonucleotides used in this 
assay can pair to form two short ligatable fragments, there is the potential for the 
generation of target-independent background signal. The use of LCR for mutant 
screening is limited to the examination of specific nucleic acid positions. 

Self-Sustained Synthetic Reaction (3SR/NASBA) 

The self-sustained sequence replication reaction (3SR) (Guatelli et al, Proc. 
Natl. Acad. Sci., 87:1874-1878 [1990], with an erratum at Proc. Natl. Acad. Sci., 
87:7797 [1990]) is a transcription-based in vitro amplification system (Kwok et al, 
Proc. Natl. Acad. Sci., 86:1173-1177 [1989]) that can exponentially amplify RNA 
sequences at a uniform temperature. The amplified RNA can then be utilized for 
mutation detection (Fahy et al, PCR Meth. Appl., 1:25-33 [1991]). In this method, an 
oligonucleotide primer is used to add a phage RNA polymerase promoter to the 5' end 


